Introduction {#Sec1}
============

The giant panda (*Ailuropoda melanoleuca*) is a rare and endangered species, which is mainly distributed in the Sichuan, Shaanxi, and Gansu provinces of China^[@CR1]^. According to the latest report released by the State Forestry Administration of China, the population size of wild giant pandas is now 1864, but is divided into 33 small populations because of natural segregation and human disturbance^[@CR2]^. Furthermore, habitat fragmentation is still a major threat to the survival of the giant panda^[@CR2]--[@CR4]^. Giant pandas continue to face the risk of extinction, and there is still a long way to go to ensure the protection of this species.

A complete understanding of habitat requirements is very important for giant panda protection^[@CR5]^ because it can provide a scientific basis for habitat restoration, planning, and management^[@CR6]--[@CR8]^. Through many years of research efforts, an increasing amount information regarding giant panda habitats has been accumulated, including that on habitat selection^[@CR5],[@CR9]--[@CR11]^, habitat use^[@CR12]--[@CR14]^, habitat preference^[@CR15]--[@CR17]^, habitat assessment^[@CR18]--[@CR20]^, the effect of human factors^[@CR21]--[@CR24]^, climate change^[@CR25]--[@CR27]^, habitat restoration^[@CR28]--[@CR31]^, etc^[@CR32],[@CR33]^. This information is very useful and has played an important role in giant panda protection. However, it is not sufficient for effective conservation because there are still some topics on which we have little knowledge. For example, some studies have reported that giant pandas often rest at sites where they can lean^[@CR34]^ and have described resting behaviours such as posture^[@CR34]^, defaecation^[@CR34],[@CR35]^, and resting time^[@CR34],[@CR35]^. However, there has been little systematic and quantitative research on the resting site characteristics of the giant panda, which restricts our understanding on resting habits and limits our ability to provide effective protection. Thus, we urgently need to carry out relevant research to enhance our understanding of the habitat requirements of the giant panda.

Unlike an ordinary habitat, it is difficult to locate giant panda resting sites in the field, which may be an important reason for the lack of related reports. Consequently, an exploratory study on resting site use is needed to accumulate experience and knowledge, although in this regard there is little published information for reference. In this study, we attempted to characterise the giant panda's requirements for resting sites based on the use of resting sites in the Wanglang Nature Reserve, Sichuan Province, China. Our main objective was to investigate the characteristics of resting sites in order to determine the factors affecting the resting time of giant pandas. We were particularly interested in the slope of the habitat and the nature of the surrounding vegetation (trees, shrubs, and bamboo) because these are important factors affecting the habitat use of the giant panda^[@CR12],[@CR14],[@CR30],[@CR36],[@CR37]^. We hope this timely report will provide basic data for understanding the resting habits of giant pandas and serve as an important reference for giant panda protection.

Results {#Sec2}
=======

Resting site characteristics {#Sec3}
----------------------------

The resting sites of giant pandas in Wanglang were characterised by a mean slope of 21 ± 8°, mean nearest tree size of 53.75 ± 26.03 cm, mean nearest shrub size of 2.82 ± 2.43 cm, and mean nearest bamboo number of 56 ± 31. The mean distances to the nearest tree, shrub, and bamboo were 1.18 ± 0.91 m, 1.15 ± 0.81 m, and 0.39 ± 0.57 m, respectively.

There was a significant difference among the distances to the nearest tree, shrub, and bamboo (*χ* ^*2*^ = 16.30, *df* = 2, *P \< *0.01). The distance to the nearest bamboo was significantly shorter than that to the nearest tree (*t* = −4.52, *P* \< 0.01) and the nearest shrub (*t* = −4.66, *P* \< 0.01); however, there was no significant difference between the distance to the nearest tree and nearest shrub (*t = *−0.14, *P* \> 0.05). Furthermore, 94.9% (37 of 39) of the resting site plots contained trees, and 75.7% (28 of 37) of these trees had a diameter at breast height (DBH) of more than 30 cm (trees with a DBH greater than 30 cm were defined as large-sized trees in this study).

Resting time prediction {#Sec4}
-----------------------

Of the seven variables selected, only slope differed significantly between long-time and short-time groups (*P* \< 0.05; Table [1](#Tab1){ref-type="table"}). Compared with the short-time resting sites, the long-time resting sites were characterised by a more gentle slope (Table [1](#Tab1){ref-type="table"}).Table 1Mean (SD) or mean rank, ANOVA, and *U* test for variables in short-time and long-time groups.VariableMean (SD) or mean rankF or Z valueP valueShort-time group (n = 19)Long-time group (n = 20)Slope24 (8)18 (8)5.240.03Nearest tree size58.05 (27.53)49.67 (24.56)0.960.33Nearest tree distance1.24 (0.88)1.13 (0.96)0.150.71Nearest shrub size17.4119.38−0.560.58Nearest shrub distance1.21 (0.94)1.10 (0.71)0.150.70Nearest bamboo number47 (31)65 (30)3.520.07Nearest bamboo distance19.5820.40−0.240.84

Logistic regression analysis revealed that none of the absolute correlation coefficients among these seven variables were greater than 0.5 (Table [2](#Tab2){ref-type="table"}), and, furthermore, only slope contributed significantly to the difference between long-time and short-time groups (*P* \< 0.05; Table [3](#Tab3){ref-type="table"}). The overall correct prediction rate was 70.6% (Table [4](#Tab4){ref-type="table"}).Table 2Pearson's correlation coefficients between 7 variables for all plots.VariableSlopeNearest tree sizeNearest tree distanceNearest shrub sizeNearest shrub distanceNearest bamboo numberNearest bamboo distanceSlope1−0.090.140.140.12−0.090.25Nearest tree size1−0.290.060.08−0.170.06Nearest tree distance1−0.03−0.10−0.040.08Nearest shrub size1−0.14−0.05−0.04Nearest shrub distance10.100.10Nearest bamboo number10.12Nearest bamboo distance1 Table 3Results of logistic regression analysis (using enter method).VariableRegression coefficientWalsP valueSlope−0.186.220.01Nearest tree size−0.031.660.20Nearest tree distance−0.180.100.75Nearest shrub size0.170.830.36Nearest shrub distance−0.200.070.79Nearest bamboo number0.021.230.27Nearest bamboo distance0.570.580.45Constant4.483.010.08 Table 4Prediction results of logistic regression analysis.CategoryPredictedPercentage correct (%)Short-time groupLong-time groupShort-time group10566.7Long-time group51473.7Overall percentage (%)70.6

Discussion {#Sec5}
==========

For giant pandas, bamboo is virtually the sole food source. However, bamboo has low nutritional value and the lignin and cellulose in bamboo are difficult to digest. Consequently, giant pandas normally need to consume large amounts of bamboo to meet their nutritional requirements^[@CR34]^. For example, it has been reported that a panda can eat from 23 to 38 kg of new shoots per day^[@CR34]^, and spend more than 50% of the day foraging^[@CR38]^. Bamboo is therefore vital for giant panda survival. In this study, we found that the resting sites were closer to bamboo than to trees and shrubs, suggesting that the resting site use of giant pandas is closely related to the presence of bamboo. A possible reason for this relationship is that bamboo could provide food for the giant panda after resting and being closer to bamboo could help pandas reduce energy consumption by shortening the distance to the food, which could facilitate more convenient foraging.

According to our previous field surveys, giant pandas normally rest near a large-sized tree, and the results of the present study are consistent with this finding. A possible reason for this is that large trees are more likely to provide resting sites for the giant panda, such as branches and tree holes, as well as coverage under the tree^[@CR34],[@CR38]^. Furthermore, trees with thick trunks could provide a shield and concealment when resting, for example, blocking wind, providing shelter from rain and snow^[@CR38]^, and even reducing the likelihood of disturbance or attack from other animals^[@CR37]^. This protection could thus enhance the safety of the giant pandas when resting. In addition, large-sized trees also play important roles in the exchange of information between different individuals, because they are important objects for scent-marking^[@CR39]^. Thus, we infer that a large tree is an important aspect of a giant panda resting site, and therefore protection of large trees in the forest is of considerable importance for giant panda conservation.

Some authors have assumed that a gentle slope is suitable for feeding^[@CR35]^ by reducing energy consumption when foraging^[@CR40]^ or providing easier access to old shoots^[@CR36]^. These inferences can help us to understand the habitat selection of giant pandas but may not be applicable to resting site use, because giant pandas normally remain motionless or are repeatedly changing postures when resting^[@CR34]^. We suspect that a resting site with a smaller degree of slope could help the panda fix its body position and keep the body stable when sitting, turning over, or transitioning between postures, which could aid comfort and improve the quality of rest.

This study is an exploratory piece of research. The resting sites of giant pandas are difficult to locate in the field, which is an important reason explaining why the sample size of this study is not large. We found only 39 resting sites in the field, which may be an insufficient number on which to base an explanation of the factors influencing resting site selection by giant pandas. Nevertheless, our findings can serve as basic data for gaining a preliminary understanding of resting habits and behaviour of this species.

In this study, we described the resting site use of giant pandas in the Wanglang Nature Reserve. We found that the resting sites of giant pandas were located at a shorter distance from bamboo than from trees and shrubs, indicating that resting site use in giant pandas is closely related to the presence of bamboo. Giant pandas typically rest near a large-sized tree; therefore, protection of large trees is of considerable importance for the protection of the giant panda. Slope was found to be an important factor affecting the resting time of giant pandas, with individuals tending to rest for a relatively longer time in resting sites with a smaller degree of slope.

Methods {#Sec6}
=======

Study area {#Sec7}
----------

The field survey was carried out in the Wanglang Nature Reserve (103°50ʹ--104°58ʹE, 32°49ʹ--33°02ʹN), which was one of the earliest established giant panda nature reserves in China^[@CR38]^. The area of this nature reserve is 322.97 km^2^  ^[@CR1]^. The elevation ranges from 2,320 m to 4,891 m, the average air temperature is −6.1 °C in January and 12.7 °C in July, and the annual rainfall is approximately 862.5 mm^[@CR29]^. There are 28 giant panda individuals living in this nature reserve^[@CR41]^, in which the main bamboo species is *Fargesia denudata*.

Field survey {#Sec8}
------------

Giant pandas normally inhabit dense forest environments, and it is difficult to directly observe them and their resting behaviour in the field. The presence of faeces can, however, provide an important reference for identifying resting sites and estimating the resting time of giant pandas^[@CR34]^. For example, during a short rest of 1 to 2 hours, a giant panda typically discharges 5 to 10 droppings, whereas if the pandas rest for more than 2 hours, they typically discharge at least 10 droppings^[@CR34],[@CR35]^. In this study, we defined a giant panda resting site as a site where a group of more than 10 droppings can be found, and we assumed that a greater number of droppings signifies a longer resting time.

To study the resting site characteristics of giant pandas, we visited the giant panda resting sites that we located in field surveys conducted in April, May, July, August, October, November, and December of 2012^[@CR14]^; March and April of 2013^[@CR30]^; and December 2015 in the Wanglang Nature Reserve. A resting site plot was established when a giant panda resting site was encountered in the field and was centralized on the resting site with a size of 5 m × 5 m. Seven variables were measured in each resting site plot (Table [5](#Tab5){ref-type="table"}). We also recorded the number of droppings at each giant panda resting site. In total, 39 resting site plots were sampled for analysis (Fig. [1](#Fig1){ref-type="fig"}).Table 5Description and definition of variables.VariableDescriptionSlope (°)The slope degree of 5 m × 5 m plotNearest tree size (cm)Breast diameter of tree nearest to the resting siteNearest tree distance (m)Distance of the nearest tree to the resting siteNearest shrub size (cm)Breast diameter of shrub nearest to the resting siteNearest shrub distance (m)Distance of the nearest shrub to the resting siteNearest bamboo numberNumber of bamboo individuals in the nearest bamboo culmNearest bamboo distance (m)Distance of the nearest bamboo culm to the resting site Figure 1Distribution of resting site plots in this study. This figure was generated by ArcGIS 10.2.

Data analysis {#Sec9}
-------------

To describe resting site characteristics, we calculated the means and standard deviations of the selected seven variables. To determine the relationship between the resting site use of giant pandas and trees, shrubs, and bamboo, we used a Friedman test to compare the difference in variables of distances to the nearest tree, shrub, and bamboo. If this showed a significant difference, we then used a paired-sample *t* test or Wilcoxon test to detect whether significant differences existed between all values based on the statistical requirements.

To determine the factors affecting the resting time of the giant panda, we initially divided the resting site plots into two groups of short-time and long-time based on the number of droppings in each resting site. Plots with less than 20 droppings were placed in the short-time group and other plots were placed in the long-time group. We then used an analysis of variance (ANOVA) or the Mann--Whitney *U* test to compare differences between variables in the different groups based on the statistical requirements. Finally, we used logistic regression analysis to identify variables to discriminate the short-time and long-time groups. To ensure the independence of all variables, we only retained the variable with clear biological meaning if the absolute correlation coefficient of two variables was greater than 0.5^[@CR36]^.

The significance level of this study was set at 0.05.
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